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Altiiouoii a great iuiprovement hiis been made 
■in the construction of cannon by the adoption of 
^tm ■j^midpiitf mi. Mp^i^etMy tibe ai«ieliiaii€«il immi 
indicated by me in a Specification of June 19th, 
1855, which was iiiniicdiately afterwards expanded 
into the Memoir pubhshod in the Vltli Volume of 
the Academy's Memoirs ; * still, many points in the 
theory of that construction remain not only unpeiv 
l^t@% but ahnost tmeatami&eid. 

It ift mf pmp&mf ^miSmf M flis |i|>^ to 

investigate several important properties and laws 
which are inherent in the materials of which tlie 
gun described in my former memoir is constructed ; 
and from this investigation 1 shall endeavor to draw 

spoilt insNHsion jesmM$ m^^m^ i& f@i^@t, 

• The memoir in (be Villi Volume must be consitleied as a 
sequel to, and a further development of, the principles cootaiucd 
in a pnbttisa^ie^, lift tfre ifilfrfft «f a pampUet, tiat&€ \iy Hfe ^n 
1845. In this pamplilet, not only the principles, but the method 
of constraction unce followed by Armstrong and oUiers, are futlj 
pointed oat 
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at least to understand and improve, the theory of 
imuSsmfMim. TM liB^^t^t^pii^lB will be fdHmSeA 
almost entirely upon certain peculiarities in the 
nature, character, and properties of the materials 
(vriought-iron, cast-iron, and steel) of which the 
guns, construct^ upon tiie prindple heieto^re pah-» 
lislied by nie, are formed. 

With these preliminary remarks I enter at once 
into the proposed inquiry, leaving tiie development 
o( ISb^ maim iiei be pursued to appear as I peefe^ei. 

in the memoir of 1855, before referred to, in 
giving an account of the theory of hooping cannon, 
I inserted the following paragraph (p. 10) : 

'^'Dieie may, all ^ first view* ae!^ to be a 
great practical difficulty in making the hoops of the 
exact size required to produce the necessary com- 
pression. This would be true if the hoops were 
wttBm of eaiAHltoii, m any ho&y wM<& ^mfwm 
when extended in the least degree beyond the limit 
of its elasticity. But wroughtriron and all mallea- 
ble bodies are capable of being extended without 
ftan^im ma^ beyeaid ^sSt pomfm of c^atrS^t^. 
They may, therefore, be greatly elongated without 
being weakened. Hence we have only to form 
the hoops maU in excess, and they will accommo- 

injury." 

And again, in a note, T said : " Mr. Barlow does 
not limit the application of his investigation to any 
lomd d£ meMlMf Wk ll If @M M$ mmtih^ 

edons are not applicable to mymaShaSie jnetal like 
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this nME^eirml, the inner hoops may be elongated by 
the pf^gsii^ acting as a cnisMngi force, and by this 

lei^pa settle kBids of flD& e8Sb4«ai isa^iieeotn- 

modate themselves to an enlargement in the same 
way. But with liard crystalline cast-iron, no actual 
displacement of the constitueot particles can take 
"j^icm wiftoat «itd aliihdQ^ I2ie of 

the fluid as a crushing force may act as an auxil- 
iary to the strain, as any estimate of its amount 
would be a mere guess, I shall not attempt any 
ntodifieatioii of Mk B(itldl«% oo^iieleq^ yititm 9ip- 
plied, as in this case, to hard cast-iron gun-metal." 

However important I might have considered the 
effects of the crushing force, and the partial or im- 
perfect malleability ^ (SKSi^^vni^ hj vMiik l3ie gm 
may be permanently distended, a farther examin- 
ation of the subject has convinced me, that Mr. 
Barlow's theory uiust be in all cases modified and 

leability under tlie crushing pressure of the fluid; 

and, in many ca.ses, as where the material is bronze 
or wrought-irou, the whole tlieory must be discarded 

itff MappliiGiable.^ % Sim I ^ tittte lite Mhtsf 
ing experiment. I took a ring or hoop of wrought- 
iron, made up of four concentric ring.s, one placed 
over another, after one of tlie methods practised by 
im in malditg my wrougByvOtt giim ih IMQUIMt. 
These rings, when welded together, formed a hollow 
cylinder 1 inch long, having an internal diameter of 
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1| inches, and an external diameter of 3 inches; 
conseq^uently its walls were |^ of an inch thick. 
TMt d^lfldtiy ioEleir bdiaf a^s^y lammet^ or 

sledged when cold, was subjected to (Ustension by 
driving into it a conical plug or pin, by blows with 
a heavy sledge. By this means the inside diameter 

y to V, was far fiiiBa BSpturing the ring, although 
it produced a great number of minute fissures upon 
tlie outside, while the inside did not show the least 
sign of esttCil Of fiaw'. 

I should remark, tliat this ring was made of very 
tough Norway iron ; but, although I made several 
others in the same way, and of common English 
as wel m of Ameinsiai !io% mia» i&ito broke 
under the strain before a distension of of their 
inside diameter ; and, in all cases, the fracture com- 
menced upon the outside and worked gradually in- 
yratA io ^o ^sliber. 

Another thing, worthy of all attention, was this : 
The end of each cylinder or ring showed, after weld- 
ing, the thickness of each of the several concentric 
rings of which it mm fbenaei f tasSi itfiter #»i diiiti«ar 
sion, the greater diminution of thickness in the inner 
and smaller rings was very apparent ; thus showing 
how much greater was their distension or elonga- 
^on, tikismiilma&aSly, %m <sS €h«. rings ovMSas 
of them; and furnishing an experimental exem- 
plification and corroboration, if such corroboration 
were required, of the fact first geometrically demon- 
tMM % "BiaA&Wf mii tp^ iviiiit im fmsM^ his 



theory explaining the weakness of cast-iron hollow 
cylinders when exposed to an internal pressure. 
Now> iJthough the fact is ta iffl received as he has 
demonstrated if, yet it Ijeconies evident that the the- 
ory and formulas founded upon it must be limited, 
rigidly, to nnmalleable bodies, and is in novrise ap- 
pliciiJ&ii li^ylinders of wrought metal, like the ring|9 
or hoops '^spiBrimented upon by me. For, to bring 
a case under the conditions or facts supposed to 
operate in that theory, the fracture must begin 
upon the inside, which is supposed to be distended, 
like a rod strained by a suspended wcMglit. Butj 
in my experiments, not only was the innermost part 
of tlie cylinder subjected to the straining force of the 
conical pin, tending to rupture the whole thickness 
of the cylinder, but the inner portion of it, to .a 
certain depth outward, was placed between two op- 
posing forces, viz. the pressure of the conical pin in 
m» direction, and the binding stnmg^ df ^tlte ex- 
ternal portion of the cylinder in the other. Between 
these two forces it was crushed or pressed and ex- 

iisMl kferailj^ mA iSkm mwi&Mm^t mi. longer, 

e» S liar or sheet of metal is under a hammer^ Or 
between the rollers of a mill. Under these con- 
ditions it could not fracture before the external poi^ 
tion ; for, to fractnii » 1^7) its integrant iiEimjB m 
mioleeste mtoil lie aeparateid; hot m Hi^mm &ey 
were pressed together. This crushing pressure of the 
conical plug difiTered in no essential form from that 
produced by fured guupowde& ^ i^iliBre 
oommenciiig:: f^pa the outside of the ring is similaT 
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to that timdil la ym^g &f hmm g;emf 'wMtk 
always coinm^^l00i' upon the ouiside. The same 
fact waa observed by me, twenty years ago, in the 
trial, to extremity, of two 32-poimder wrought-iron 

gam 1% botit 1^ lb@N6^ Q»ete» iegon tipon 

the outside and worked slowlj aapsrards. 

The preceding statement cannot fail, I think, to 
convince any one that Mr. Barlow's theory is wholly 
inap|^£G»Met gam maiiB ei irrcragli$if««) or my 
like nu^jmtild lOftl^acpIii is to be applied, 

in its complete and unlimited extent, only to such 
materials as highly hardened steel, gloss, and those 
iiErjj9itdD[fia»<w^«^ iNidleB^ Sii wfefl^ Was 

tdtimate particles or molecules are incapable of being 
made to change place permanently in relation to 
each odier, but in which the limit of elasticity ends 
is cdioiipl^ aeparfttioit or i^a^ia^ Wism ispplfoi^ 
to hollow cylinders made of substances of this latter 
kind, it is probably true to the letter. But what is 
cast-iron ? And are we to be guided by Barlow's the- 
ory fiat iSQttpii#ojg' ^bm ttiemg&i ef memm snti« &{ 
thiB material ? Believing, as I do, that most kinda 
of cast-iron are, to some, though a very limited ex- 
tent, malleable, or, at least, that they admit of some 
msiH fmiatam^ ^bmgei fiam tri^ioiiA ibotore, 
we ought not, in my judgment, to apply Barlow's 
theory, without some modification, to express the 
strength of guns made of such material, as they 
r^y pMteiB greater skxxtg& #an ^o fonmi!a 
given by that theory assigns them ; though for 
many of the harder and completely crystalline kinda 
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of wm we imt^ emmHer ib «pp1Si^le,«8 » sife, if 

not nil entire]}' accurate, guide for practical purposes. 

Following this property of malleability, from tlie 
mBfi^iem, 0S body, of the gun to the wroughtriron or 
top i»f£b nliMi #.4 "ki&Ay is t»i(e&@M msd 
comprefssed, let us next see what method of con- 
structing the hoops should be adopted to obtain the 
greatest strength to the gun. 

M m it &6( ^il^ imm fd idl «mi^ or at^kiiil 
workers in the metals, and to miJ^iy engineers, whose 
knowledge is often derived principally from books, 
that all the metals, by bemg subjected for a consid- 
erable tame fo httisUnieimj^ w^ia^ tit wire^lrffivi^i^ 
acquire a great increase of elasticity and hardness. 
Indeed, if any of these processes be carried beyond 
a certain extent, the metal loses its malleability and 
tB0a^ m erwelEB nnde? ^te oaec^ttea opmUBMon. 
The hardness and elasticity thus induced are, how- 
ever, easily destroyed, and the original malleability 
is restored by simply subjecting the hardened metal 
#Mdi diofild be eoaiiai^ly below its melt- 
ing point For tin, it is said tiiat the heat of boiling 
water is suflicicnt for the purpose. But for gold, sil- 
ver, copper, and iron, the heat of about 1000° is 
i»pai*ii3 to pToSvm Ibis ap«^ ^Msik Wm ms^ 
it should be carried to a &n zed beaty whaieTer 
temperature that may be. 

Now, for the purpose of ascertaining, with some 
di^icee of pceqiiloiij 'ilie cffilirraiee^ IrnxdneH^ teiiao- 
ily, and elasticity, between a piece of iron subjected 
to ▼u:iQUS degrees of heat from 400° up to that 
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which produces a thoroughly annealed state, that is, 
a full red heat, and the same iron after having 
been subjected io «dme ^ MieQm^eg pa> 

cesses before mentioned, T have made a great many 
experiments upon iron wire of various sizes, and in 
various states as produced by previous working and 
Itcwthq^. I -mil mm zihite Hk&mdS^ ot mtM^tk 
few of these experiments and the results obtained 
from tliem, which results were in accordance with 
numerous others obtained by the same metliod of 

These experiments were made upon pieces of 
iron wire about fifteen feet long and of different 
.sizes. The instrument for performing the experi- 
itidiftt cifiadstei 0 A-lm^ horizontal ft«iiif«^ to ene 
end of which was affixed a strong steelyard, which was 
bent into the form of a bell-crank ; and the shorter 
arm of which was vertical, while the longer arm, 
Ttj^ idtneli hmg 'm» faorinmtal One 

end of the wire to be experimented upon was con- 
nected with the shorter arm by being turned a few 
times about a ring which was connected with the 
arm by a free joint end of we 

was fastened, by similar means, to a strong bolt fixed 
to the frame at a distance of fifteen feet from the 
steelyard. Connected by cramping it with the wire, 
near the end last described, was a ifOKiiSxsa io^ 
which lay upon the frame, and passed, by the side 
of the wire and parallel with it, to near that end 
which was connected with the steelyard. To the 
neighboriiq; end of ^ VBHsBm was fixed a 
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gmooth tin plate, about one foot long and five inches 
wH& This plate lay upon the frame, immediately 
weSii^ Itrire and nearly in contact with it ; and 
upon the surface was registei'ed, by a fine needle- 
point, the changes in the length of the wire under 
different tensions. To do this, a short straight-edge, 
!»" t^^&Ci maa firmly cramped to the wire, dimMy 
over the register-plate, so that, when a line was 
drawn upon the register-plate by the needle, which 
was laterally pressed against the edge of the ruler, 
its direction would be across the renter-plate, or at 
a right angle with tlic axis of the wire. The dis- 
tance from the point upon the wire where the rod 
connected with the register-plate was cramped to it, 
to the pc^t Wliere the straightedge or ruler 'waa 
cramped, was exactly 140 inches ; and it will be 
seen that, by the arrangement here described, what- 
ever yielding or springing might take place 
fiamej ixt the liolt^ in the stu^yv^ we M. %Le mre 
itself outside of the 140 inches comprised between 
the points at which the rod of the register-plate and 
ihe straightredge were respectively cramped, could 
not aSeet the^ aeeinac^ of the measoie of my ^mge 
in the wire between tliose points, and that the straigli(> 
edge could not change its place upon the register- 
pkiaii 1^6 )1^^ df the wire, unless 

tfaie$]ieiqp{|i of tiie wire itself was changed in m, efual 
degree. 

The following four experiments, made on wire of 
ordinary quality, from the same hank, will give suf- 
ficient wartanl^ to the oonelaaons aftennuds drawn 
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from them. The results here given are, as I have 
iKptti) remarked, altegijii^ l&:««^iidaiN^ it^ i^^m 



Ot^er wires. 

The wire used in the experiments now given was 
of m la l^ms^ md, consequently!^ iSt^ 
afea of its etoONItMstion contained .00G789 of a square 
inch. Having taken a piece of this wire about six- 
teen feet long, hard as it came from the draw-plate, 
I tAxt^^i^tmei it fixed ifc nprn Ih& is^Sa^ Kp' 
paratus in the manner before described ; and, after 
cramping to it the register-plate and the ruler, I 
commenced the operation upon it hy letting the 
sl^^/m^ S^fK^^^ upon it milt »<«i^d^tsif W ptRmdt^ 
for the purpose of taking out the sag, and to bring 
all the bearings into place. I then drew a line, di- 
rected by the straightedge, as before described, upon 
tte9 regfi^«He^ftBi& THi h iStmm M X, 
marked Zero A. I then placed the poise of the 
steelyard so as to give to the wire a tension of 40 
pounds. This weight elongated the 140 inches of 

mary^ mm 'Qm i-^^nrteevplait^ the 

distance shown by the interval between the short 
line and the zero line at the left-hand end of the 
latter and immediately under it ; and this short line 
(iiN^ Above i£Gffiiill@i^ 40) was then ioiidit t^Ute 
needle-point, guided by the ruler. The poise was 
then removed from the steelyard, wlien the wire 
returned, to its original lengtli, as was shown by 
the rtder again coinciding witii tire itGit@K Vii^ Tieec 
poise of the ste^jard was then pUu^ sd as to strain 
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sliort line (seen al)ove the number 80) from the zero 
line, shows the lengthening of the wire under this 
strain. On removing this weight, the wir©^ a^ain 
literned to i«» l^igili ^ mi, m wsspm^^ 

the operation so as to give the wire the several strains 
of 120, 160, 200, and 240 pounds, the several elongar 
tions, shown iu the figure by the distajnces of the 

line, were produced; but from each of these elonga- 
tions the wire recovered its original length on being 
released -from the strain. On carrying the strain, 

nently elongated, as was shown, on its release from 
the strain, by the small quantity denoted by the dis- 
tance from the zero line of the short line immedi- 
ittely tinder it; yfWl& We feMaasiieas^^ 
shown by the distance of the two short lines from 
each other (as seen over the number 280). The 
operation was then continued by successively giving 
to fitfr wir^ And agi^ maxf^g % lb« l^s^ 
of 820, 3G0, 400, and 440 pounds ; and the effects 
ai© graphically shown in the figure by the distances 
between the zero line and the nearest short lines, 
1^1^ ^Ks6fii»si^>3j^p@Bent the permanent f^GagsM&af^ 
while the distooseiilsietween the short lines themselves 
represent the permanent elasticity, after the strain 
of each load. 

tite register-plftte tra» %m mipejl npwaa^ds a 
upon tlie rod, and a new zero Ikxc^.B, {Figure 2) 
WIU) marked upon it. . Witbi this I began as before, by 



1. WiBB, hard, as it came from the draw-plate ; 140 inches kog^ if{V^ of inch diameter. 
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The wire being 140 inches = 14,000 hun- 
dredths of aa inc^ we have the fint perma- 
nent elongation wM t&i loltd <^ SSS p)M^ 

41,241 pounds per square inch section; and 
this elongation is only Tiiuu'h of the length. 
"With the same strain the permanent elasticity 
19 -^ths of an inch, or ^^^^f^^thsrs^jd of 
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pincing upon it a strain of 40 poundo, and then, in 

succession, 80, 120, 160, 200, 240, 280, 320, 360, 400, 
and 440 pounds ; removing each in like succession, 
to im if any peixDiia^t ^9ipli<m ^naM t»e ym- 
duced by fibid mpM^im tii iSOB: t/lsethu JbS might 
have been expected, none wlintever was produced, 
but the ruler returned ui each case to the zero hne, as 
shown ia the figui«ii "BbsI^ iat ilxereasmg the sttaia to 
480 ponnii^ tib% eloii^allcHct ^mm viiamMfmim&Si. 

Knowing that the strain had reached nearly the 
limit of the strength of the material, I then subjected 
tiie wire to the heat of two large pieces of iron heated 
to A i^m^xtg ifed, and passed, one abo^re diii imi l^e^ 
low, in contact with the wire. By this lAilHlij| Ihe 
wire was heated to such a degree that oil bumed 
freely, on being dropped upon it, through its whole 
lengtii. Tla» Warn maxeebeiSii lot M piae% 
with the apparatus during this heating operation, 
and it was likewise kept straight by a tension of 40 
pounds from the steelyard. The temperature to which 
it vrm MiMd: eOaiM icM baive! biea l«a» iStama SiCP^ 
After it was cold, the register-plate and the ruler, 
which had been removed, were readjusted upon it, 
and a new zero line, C, was marked. (See Figure 3.) 
Utt w^hU ipstd^^pfo 'apptetfi to Md tenKKT<kl Warn 
the steelyard as before, and the effect produced by 
each strain was marked, as shown in the figure, above 
the respective numbers. No permanent elongation 
wa» piddueed %p to f[h» itin^ of 4^ tbe 
sazne result that was before reached. The elasticity, 
therefor^ remained unimpaired by the heating. Bu^ 
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this load of 480 poiimls being voi y near the tensile 
strengUi of the wire, on increasing it to 520 the 
jg&m iiireML i3id#i9t lit the mm- 
bcr and immediately below the zero line, was pro- 
rluced. Still, on taking off the load, the wire exhib- 
ited its old eliisticity, and this even a little increased. 
TluB load, repIoieiDl flxii tNKii^tteil §sr boiiif , eiscp- 
ried the elongation much further, as shown in the 
figure; and so nearly was the breaking-point readied, 
that the elongation continued even after the load was 
i^tatsid to &m pm^ fsM flie -wife fiiuiisily bi^Snsf 
after it had been elongated the ^^st part of its length 
imder a strain of 510 pounds, thus showing a tensile 
strength of 75,120 pounds to the square-inch area.* 
The permanent elasticity had reached, just before the 
fracture, or when the load was 480 pounds (equal 
to 70,700 pounds per inch area), j\ of an inch, or 
the j^Jyth (.00214) part of the length of the wire. 
Other experiments were made by exposing the wire, 
which was the m^&s^ of them, to the heat of melted 
lead. Here, in t wo cases, the wire was passed slowly 
under the surface of lead which was kept very much 
above its melting temperature. These wires, when 
tried afterwotda in the testing niai^ne> showed their 
previous elasticity unimpaired. 

* iiSI^Mtti iiSiaSii^'ii^^a^^ upon the irire when 

tvfloiM^or ilimiljpttlfa^ fe)^^^^ bar of one-inch section: — 

m^fmi )Blf isslitSS 360 = 53,023 620= 76,592 

m^n,7W 2«)=ss^ 4oo=s8,OT7 m^^m^ 

120 = 17,675 280 = 41,241 440 = 04,808 
160= 28,59G 320 = 47,128 480 = 70,700 
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The fourth experiment that I shall relate, was 
made upon a piece of -wire from the same hank -mfh 
that before used, after it had been annealed to a 
full red heat. This, after having' been straightened, 
was placed upon the testing machine, and subjected 
to a succession of strains, commencing at 40 pounds, 
and increasing by steps of 20 pounds each (instead 
of the 40 pounds before used) up to 320 pounds, 
under which strain the wire broke ; thus showing an 
ultimate tenacity of 47,128 pounds per square inch, 
Gt, allowing for the diminution of the area of the 
wire b}' the elongation previous to breaking, about 
51,000 pounds, instead of 76,120 pounds, as given in 
the former case. The permanent elasticity had reach- 
ed, just belbxe S»K»tuxe, or when l&e load waaf 
pounds upon the wire (or 44,186 pounds per square 
inch), of an inch, or the ^^^th part of the orig- 
inal length of the wire. The effects of ib» various in- 
&mmi§ t^isaam mif le^bited in I^re 4 (next 
page), which (as it nfiKI true of the preceding fig- 
ures) shows a true copy of the lines made upon 
the register-plate. By this it will be observed thai 
tbe fmtmmk tSmi^i&cm. mammmi at; a'siram 
100 pounds, and increased rapidly, at each successive 
increase of weight, until it reached a length of lOJ 
inches, or the jVyth part of the length of the wire. 

Now, on GoiisjMiie^ ttte mmiLiM t&emn hi eSL tbese 
figures, we see that these experiments demonstrate 
with some degree of precision several physical iisicts, 
all of which are of high importance in the oOn^ctM}- 
tion of cannon vpiA fennted out in the 
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With this soft wire, the peTOanefiiii»i(& .«itiitt< 
mcnces at 100 potindB — 14,G48 pouQ(ilij|3(ijs6(| per 
square inch section ; and the permanent elaillieit^ 
U& after this strain is only x^s''" °^ iook, 
ot T^th part of the length of the wire. 
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Mem^ to ttrltidi tliis U & imhM. Tliosc facts 



are : — 

Firsl, That with a piece of iron hardened by com- 
pression and tension, in the condition of hard wire, 

tiie itatiniBt of pmma&at AmpiMcm U Sir acaalle^ 

than the permanent elasticity up to near the break- 
ing-point, and also that the permanent elongation docs 
not begin until about one-half of the breaking strain 
is appHed^ 

Second, That the part of '^S&^^B&B^ ixi W^!^^ 
■which is within the clastic power of the wire, increases 



As the stretch, so the strain. But the permanent 
elongations made by the same increments of strain, 
especially when near the breaking of the wire, are 
entirdy &t msiam&i wl^ W» msa^m. TMi will 1^ 
seen in IHgure 4, where an increment of 20 pounds 
to an existing strain of 120 pounds, produces a per- 
manent stretch of j\ths of an inch, while the same 
iiKa^tnt <ef 4fy pounds, nrltiii ^ 'ia^ isisd^ 
a strain of 280 pounds^ inoreaaed &e length, permar 
nently, full \\ inches. 

Tliird, That, when the material has been subjected 
$0^ ft sliMn Gf ft ghr^ smoynt (say 440 poitnds, as in 
Figure 1), the repeated application of a strain within 
that amount produces no further permanent elon> 
gation. 

Foarih, That the subjecting of the same material 
to a heat sufBtaent to bum oil in contact witJb it (B(t|- 
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pmeA M thimsiss lo be 800" Fab., at least), will not 

impair its clnsticit y. 

• Fifi/i, That, when the iron is annealed, the perma- 
nent elongation commences at a comparatively low 
SfeEiiia, tMi itiie^iiiiBt fil^li^ ltB^ te 
to (lie elasticity of the iron, wliich shows how inap- 
propriate is the use, upon a cast-iron body, of a hoop 
that has been heated to an annealing temperature ; 

within its grasp, before a strain upon it up to half its 
tensile strength shall be reached. 

Guided by the conclusions derived from the pre- 
mp&isiciBssMf I wiH now fi^c^ecl to i^OE^^KC^ 
with sucli precision as the knowledge thus opened 
to me permits, two guns constructed upon the princi- 
ples and after the proportions given in the Memoir 
icf ItSSj %ot1i @f Ibe^ fvui M^ mppoaed to be of 
the same size, and made of the same quality of iron 
throughout, but difiering only in this, viz., that, in 
the one, the hoops are put upon the body in an 

"hardness, produced by cold hammering and stretch- 
ing (as hereafter described), as shall bring the iron, 
as near as may be, to the state of the wire repre- 
was^ in I^ftere % 

These guns may be shortly described as liaving a 
caliber of 14 inches diameter ; bodies of cast-iron, 
7 inches tliick in the reinforce, so as to make the 

a covering of iwaalughfriron hoo^&i two layers, hav- 
ing togetiier an equal thickneiEB of 7 inches. The 
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strength of these cast-iron bodiee^ as shown in detail 
in the tsmm Mtm/tf, if wmi^ eitfiblraii 0 SQ^OQ^ 

pounds tensile strength, when redaced according to 
Mr. Barlow's formula (which is recognized as siiflR- 
ciently perfect for a practical guide), will be 210,000 

poutfde Ibf Mtdh Itfcb In \m0L 

Now, let us suppose one of these bodies to be 
hooped with two layers of hoops, 3| inches each in 
thickness, these hoops being made of wide bars of 
wrou^t>obcQ% eibil«id Wss s tibbon iTDUfiia tsptm % 
block, and in this state the coUs being welded so as 
to form one ring, or hollow cylinder, or hoop.* Tiic 
hoops, being thus' formed and properly forged to 




to be lefb in an amealed 



siatei mii, #39^ "being bored and finished to .001, 
.002, or even .003 of their internal diameter less 
than the part of the body that they are to enclose, 
we will suppose them to be heated and put in their 
place, where they cool and compress the cast-iron, 
being themselves at the same time strained and 
stretched by the resistance of the enclosed body. 
Now, whatever proportions this compression and this 
fltretclx may bear to each other, it must be evident, 
from an inspection of Figure 4, that, when the strain 
upon the hoops, from the shrinking, reaches 17,675 
pounds j)er square inch (equal to 120 pounds upon 
the wixd^ iviB - xi^^vB a decided pcacmazient 

* A Ham eXiasioM dP inetlbo3 df $i>lrining rings may 
be found in the pamphlet published by me in 1845, or in " Eng- 
lish Printed Specifications," No. 10,013 ; enrolled in July, 1844 ; 
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elongation. Let us suppose, then, that the Itttops 
are gras]iiug tlic body with this force of 17,675 pounds 
per sq^uare inch, at the instant when the fired gun- 

eter. Wo sec by the Figure 4, ^ml by a furtlicr dis- 
tension of the body the resistance of the hoops will 
be very slowly increased. What will this resistance 
amounito, when ^ leiititriftcmliidisteiit^ toilaslHreak- 
ing poiait Although we cannot determine with any 
great, nccnracy liow Hir tlie cast-iiou can Ijc distended 
before fracture, we may, I tliiuk. bo very certain that 
a fitiotarew6tiM lue produced b^ l epeieted firing under 
an enlargement of ^jV^^ V^'^^ of its external diamfiiliBKi 
But it will be scon by the figure, that a strain npon 
the wire of IGO pounds, or 23,596 pounds per inch 
section, produces an elongation of llie yrke of .9 of 
an inch, or length ; and it must be 

evident, that, long before this elongation and disten- 
sion in the hoops are reached, the cast-iron must give 
way and tlie gun be destroyed. But, even allowing 
^Im gm 1» MU ie^sOm up to the strain of 23,696 
pounds per square inch upon the cross section of 
the hoop, we have the following computation of 
the strength of the gun, for each inch in the lengili 
dp iba ti^c^Siiitms Qtm^m beify 210,000 poun^ 

per square inch; wrought-iron hoops, 23,596 pounds 
per square inch, and, as both sides give 14 inches 
thickness, 14X23,696 = 330,344 pounds for each inch 
in length, and 210,000 + 330,344 = 640,344 pooiiit 
for the; Btrength through each inch in i^e length 
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of the reinfbroe of the gun of tliese tUutenstons and 

proportions. 

Let us next suppose a gun to be constructed, in 
tism liii MiiEaiil, &e ttet just given, bitt h«^g 
'IliEl ;ii^^[ie' t^QSi^lsejttie in the method of |;irepnring the 
wroiightriron hoops : that instead of placing tliom 
upon the gun in an annealed state, such as is repre- 
sciielL 1^ i]^i#re ftwii^ach J%we 4 was 
akey absXl he sobjeelii process of cold homm&F- 
ing and stretching, so as to bring them into the same 
condition, as near us attainable, with that of the wire 

^tmpuMiDg the strengtib cif a pm eoTeise^ 
hoops brought into this state of hardness and elas- 
ticity, we have the diameter of the body, as before, 
28 inches. Let the hoops be .001 part of their diam- 
eter li^ Jte;^ hody, ov 27.972 inches. 

The hoops thus made, and expanded by heat, and 
placed upon the body, will, when cold, compress the 
hody to a diameter somewhere between SS axfd 27^72 
ittib^>^lhe e^Ust degree of i^j^sesidosB: depending 
upon the power of the body to resist compression, 
and that of the hoops to resist distension ; but, when 
the force of the fired gunpowder is exerted upon the 
tsM^t^md the external ^Sm^m ui'&im Wif 

tendffl to its normal dimension of 28 inches, the 
power of the lioops to resist further distension will 
become 35,350 pounds £oi every inch area of their 
j^rai»«ection (th^ h^E^ ei|ml to 240 pounds strain 
upon the wire). 

From this point the distending force of the gun- 
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powder will be resisted, both by the hoops and by 
the boidy^ an^ ^ 'we snppose '&e ^egbhm 1NM!^« 
this as in the last case, (o be fractured cSdil^ alter a 
distension of j^VTr^l' part of its normal external jffisni' 
eter, we shall iiud that that point will not be s^tffihi^ 
yxBlM Ot ebemi^ Sfove Hum fO^W ponnis^ aqinae 
inch (shown by 480 pounds upon the wire) has been 
exerted upon tlie hoops. Then, taking the body, as 
before, to resist witli a force of 210,000 pounds per 

gun: Body 210,000, and hoops 14x70,700 = 989,800, 
making together 1,100,800 pounds for each inch of 
its length, — decidedly more than twice the strength 
{3i0Wn m '{fae jbrm^ caiie* -#1*616 #6 hi^Sp lv^ an- 
nealed before being put in place. , 

In this statement, I have taken the comparative ' 
diameters of the body and the hoops at 28 and 27.972 
inches. F6# eiBls«^ii^ lis fio sa^i^ ^ta^ il 
not be produced in practice with geometrical precis- 
ion ; nor is this necessary ; all that is required being, 
that the difference shall not be Im than that here 
given, though a de^iMtSn by 'WbMt '3te i^E^raice of 
diameters shall be twice, or even thrice, as great as 
this, will not affect injuriously the construction. 

Thus, suppose the hoops, instead of being 27.972 
inches, be made 27.916 inches, in dianietel>i Jk lieat 
of 800°, to which the hoops may be heated without 
affecting their elasticity, will expand them to 28.064 
inches, thus giving a margin of .064 or about x^th of 
an inch^ for play, and imperfect workmanship, when 
Hbrn hoops are run on to their pUtcM. In thia case, 
« 
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although the first compression of the body would be 
greater than if the hoops were made of the exact 

would, by a little permanent elongation of the hoops, 
bring them to the true diameter, without eolarging 
them beyond their elastic limits. 

Ju 'SSM pf^tseSing computailonB of strength, I Mvg 
confined myself to that manifestation of it which pre- 
serves the gun from longitudinal fracture. But a gun 
may be fractured transversely, or diagonally, as well 
scr iotj^ticKaitny, tfll&^Qgli i heerB Iji^x«iD^re fully 
proved, that, if made of a material which has an equal 
strength in each direction, the gun, or any hollow 
cylinder, has a vastly greater power of resisting cross, 
than longitudidid fi«usttti«. TMia lis 13£ewise applica- 
ble to any diagonal fracture. But as these guns owe 
their superiority in a great degree to their being 
formed, in part at least, of fibrous wrought-iron, the 
direction of the fibres being in the circumference of 
the gim, and moreover not perfectly integrated nij^ 
the casl>iron as making one piece with it, it becomes 
necessary to consider the resistance to cross-fracture. 

By a recurrence to the former Memoir, it will be 
seen tilsfc the cast-iron body alone, if possessed of a 
tensile strength of 30,000 pounds per inch, may be 
reUed upon for preserving the gun from cross-fracture. 
But I cannot say that I have always been without 
some shade of doubt, whether the castriron, when ex- 
posed to the crushing force between the fired powder 
and the hoops, would exhibit the same resistance to 
eroBS-fracture tiiat it would when firee Seom. this coo- 
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dttion. It VRS in some degree to guard against any 

defect that luiglit possibly arise from (Iiis source, that 
I proposed that the hoops be made in two layers, 
Ire iStle^ fD li^y tuttd to tmh olher, by a 
scarew-thread. In this cose the screw was not to 
exercise its usual function of a mechanical power ; 
but to serve, by the interlockistg of the threads upon 
the bodj trllb t^KNiB haeq^iomm&tpr^akMo 
togetixei^y 'iKKt llEe hoAy eonM tiot be^ flsaekneel eeoBS' 

wise without cither stripping tlie tliread tlirougli a 
space equal to at least half the length of the hoop, or 

■whm Ibce ltdly §ikm wtf. Umr^ i» 8ta%^^ fteeesd 

of a screw through half the length of the hdi^ ffOtlld 
require a force sufficient to make a shear cut, through 
a section of metal equal to at least one-third the 
internal ms^tim M the hoop. The iniim mOiSim Of 
the inner hoop, being 28x3.14 = 88 inches in cir- 
cumference and 15 mches long, gives a siurface of 
1,820 inches, one-third of which is 440 inches. 1^ 
strip or xmli through a screw-thread ^lcDm(g « si^eai 
of this magnitude, taking each inch to require but 
even 30,000 pounds, demands a force of 13,200,000 
pounds, while, as is shown in tiie former Memoir, tlie 
tdk&l4 ffi^ of the charge tending to 'paSim^ Wmf 
fracture is but 4,896,000 pounds, being the pressure 
of 32,000 pounds per square inch upon 153 inches, — 
the area of the caliber. The other alternative, that 

of 6m/^t^B^gem vi tit«> impt ^imymH^ f^i, 

that is, where it breaks joint with two of the hoops 
of the other layer, and where, of course, one thick- 
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imsM^m ghmitB support against Cit^itestift^, Jiitv 
iEblres tbe following coinputAtion : Tho area of the 
cross-section of the inner and smaller lioop, contains 
346 square inches, whichj giving the iron, in this its 
ymkm fyst0m,%^^»mm^ @f 40,000 pounds 
per inch, shows that aJSppe df|^J^0^0O@ p^Jlods will 
be required to tear tlie hoop asunder. 

The preceding computations, therefore, place it be- 
yond doubt, that, even allowing that the latentl presr 
sem isf ft« §mi& pmiSm ispim the eiiit.taft h&if 

of tlic gun may impair tlie tensile strength of the 
body in resistirig cross-fracture, yet, under this condi- 
tion, and thus admitting as a truth that of which we 
%a«4i m &M&Emi W@ <St@e tlitfc i»« mii^^ ti^ 
feet confidence upon the strength of thfii Jl0Qips alone, 
wlien secured to the gun by tlie screw-thread, as de- 
scribed in the former Memoir, to preserve the gun 

In the Specification and Memoir before mentioned, 
I propose to form the screw " of about eight threads, 
each thread taking about one-eighth of on inch space, 

" to make i^EBills of the female screws sensibly 
finer than those of tlie male, to draw by the shrink, 
the inner rings together endwise." The advantage of 

the rapid advance of the hoop to its place, the shrink- 
age from cooling during its passage over the body 
will be avoided ; while the dividing of the inch space 

great heimi^ sttf fade to yeiy t^allow threa<b. 
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I give, in Figure 5, a drawing of tlie threads as I 
would form tlioin for ft tiiX'-tbrended screw. They 

Fig. 5. 



Imve an .18 inch j)itch, and a depth of .04 in., being 
11 in. thick at the root or bottom,' and .07 in. breadtii 
upon Hsi ^iussk llopittdil of lih& Eiik|td May be more 
OMfily itnd Q3Gne% mode than any o^ffii^ m ft Inlgif 
port of the surfaces left by tlie boring and turning 
tools requires no change from the screw-tool, but re^ 

riBil]tiMte dininctors of l)oth the body and the hoops 
are more easily ascertained and preserved, when the 
SCI ew-threads ore formed. 

ThU Of ^ ^S&e^k$ i^m k this figure 

must be ample ; for, n.'! the threads, when once inter- 
locked and in place, are kept in contact by the shrink- 
age of the hoops and the distension of the guupow- 
dQ»» the iirat of the outer Siiraais j%pjbgluidii^it]g • 
over the inner ones, like a loose nut upon a scrow 
bolt, is simply preposterous. 

A mechanical equivalent for the screw-threads may 
\m ^ixifl inuill drecGto promititiiees jfiairDaiil xipon ■ 
one stuface, to fit into corresponding grooves upon 
the opposite surfiice. The principal objection to this 
mode of cramping or iuteiioclcing the surfaces will be 
found «i Hie n«6«8^ <^\0s^mj^ikA^^msi^ lo a fiindi 
liigher temporaturc than is required ytWa. the screw- 
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its place upon tho gun. These prominences nnd 
grooves, doubtless, might serve a better purpose than 
Ibe Bisre mnghnetKr led hy iibe tarnlng toof^^ as now 
often used. I am confident, however, that no device 
can be made, superior to the screw-threads, and noth- 
ing better than this is needed. 

TbB benefit, ittoi*@o-7ei'j to lie <leiiT«d Ihom making 
"'the tiireads of the female screws sensibly finer than 
those of the male," must, I think, be evident after a 
little examination. By making this difference the 
j,\,th part, or perhaps ft little «t0lr@ (that is, by mak- 
ing 1000 turns of the spiral of the female to occupy 
B shorter space upon the hoop by a iffoiyth part than • 
ibe same number of turns do upon the body), they 
^(ili be mdi>e nearly equal'witto Hie bO^lii es^^t^fiH 
by heat, than if they had been formed of equal fine- 
ness or pitch. The hoop will, therefore, go more read- 
ily to its place when expanded,from bearing tliis finer 
^QSeiid. l?len &e fthst lay^rlis (iihruhk bi its place, 
teinSi hoop will be under a lengthwise strain; and, 
again, when the second layer is shrunk upon the first, 
the first layer, and, under it, the body of the gun, 
will be drawn together lengthwise, and thus the body 
will be guafded &otA cross-fracture, as it is guarded 
from longitudinal fracture by the drouxnferential 
strain of tlie same hoops. 

Having thus exhibited the principles which should 
iBreet us in the construction of hooped cannon, and 
the experiments by which these principles are come 
at, I now proceed to describe the method of forging 
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the hoops, a,nd of giving to tliem that combination 
of hardness, elasticity, and tenacity, which ha^i been 
dioim to be 80 imp«»tltnt to l^i^gth of #s 
cannon. 

To construct one of the hoops for a cannon of the 
size before mentioned, that is, of 14-inch cahber, the 
hoop having, when finishecl, ifSl^ iaS^isi intorbd 
diameter, and being 3^ inches thick, and 15 inches 
long (or broad), I take a flat bar, say 14 inches 
wide, from half an inch to an incli thick, and of such 
length that, when wonnid &to a coil, it shilll fom^a 
tibickncss required for the hoop, after allowing for the 
waste in welding, forging, and finishing. After its 
ends have been scarfed to a long wedge form, it is to 
he lieatod to a low red heat, and then wound jupon 
a cylinder of gay 25 or 26 inches diameter, as a rib- 
bon is wound upon a block. Next, it is to be heated 
in a proper furnace to a good welding heat^ and then, 
being placed upon an arbor, or mandrel, of about 26 
0i'S$ wsiC!hea' diameter, and between proper dies, setts, 
or swages, it is to be completely welded, or the several 
layers or coils jwc to be made to form one piece. This 
may be done by compressing it with the swages, by a 
hydrostatic press, or by a steam hammer; A&et it is 
properly welded and condensed in this way, and has 
cooled as low as 000°, it is to be placed upon a cold 
arbor, or mandrel (shown, in section, at A, A, Figure 
6 and 7), which is supported at both its ends by the 
upright studs of the heavy iron frame B, B. It is 
then to be hammered by the steam hammer C, until 
its internal diameter is enlarged to about 27 inches. 



TUe lost pai't of the haiiuaermg is to be perfurmed 

ing in this way with the steam liammer, Ave may pro- 
duce the same effccl upon the lioop by a rolling-mill, 
in which the operating part of the rollers is made to 
pKg'i^lii^iemid ^ete or ftem4. 

After tlie hoop has been condensed and enlarged 
in this way, it is next to be placed upon an annular 
anvil, Z>, D {^Figures 8 and 9), and the segmental 
swages or blocks, E, E, are W Itm ac^'nated within ii 
These segments form a cylinder upon their outer sur- 
face, but inside they form a hollow cone. A solid 
conical plug, F, is fitted to be driven into this hollow 
cone within the swagesi iVllh this arrangement, the 
whole being under the drop or steam hammer 0, the 
plug is driven by repeated blows into the hollow 
cone, by which operation the hoop is stretched suffi- 
ciently to destroy all conflicting s^rnlliB or temions 
that might have been produced in it by the hammer- 
ing. Tlie strain \n thus reduced to a circumferential 
direction, and the hoop put as near as possible into 

after it had been subjected to the first series of strains 

(as sliown in Ficjurc 1). 

Tlie hooj) may be stretched by this last operation 
the j^ jth part of itil diameter, and, if is ita«te irf 
YMy soft and tough iron and has not been hammered 
very hard, much more than this (|uantify. The extent, 
however, to which this hammering and cold stretching 
may be carried, must depend upon the quality ^ 
iron and the hating aad vroiidng to which it hiis 




Fuj. 9. 
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Veen previously subjected. It will be well, when ihe 
stretdiing is conitncuced, to have tile Ifanned 
up to 200° or 300°. 

After the hoop has been prepared in this way by 
cold hammering tmd stretching, it is to be bored and 
turned ; and, whether it is to l)c fixed to the gun by 
a screw-thread, or by any equivalent, it is to be care- 
fully and equably heated to such a temperature (but 
never up to an annealing heat), as shall expand it 
tniffldc^y, and, in this state, is. to be placed upcm 
the gun. 

In all the preceding computations of the force 
which the cannon is required to resist (both in this 
paper and iif that to Avliich this is intended as a sequel), 
I have considered the powder, when fired, as acting 
by a pressure generated with inconceivable rapidity, 
and with an intensity sufiScient to produce the re- 
quired velocity in &e wh^}- — tlds vdloei^ brasig 
produced by the pressure alone. I nin fully aware, 
however, that the force thus produced, almost in- 
stantaneously, firom a single point within tiie gun, 
does, and must^ tinrow a shock upon, and a '^bratioffi 
through, the wliole mass, the destructive effect of 
which must be provided against in addition to that 
3f the mere pressure otikm&std pfftrdea^ Wi^peoh 
sure be supposed to wskm^ •pmamue xi^ m €bft 
hydrostatic press, for example, where it is raised and 
communicated slowly and gently to its object, thus 
prodndng its m^iOi^ nithout violence or shock. 
tiiough we are i^lb^Bl igie knowledge requisite 
ralgect to a ligcmm (soniputation the dwtnietive ei^ 
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feet of tliis shock and vibr.'ition from the discliarge, 
yet it is necessary that a sufficient strength should 
Wpir&v!fl«(3 Itt ilEf ftm to ir^M li Isfmme tre ivflb- 
out the light of experience to direct us to this end ; 
for, although it has not yet been determined, by direct 
experiment, what strength is required in a gun of say 

the pressure of the charge, in order to withstand the 
sudden shock and vibration before mentioned, yet we 
have direct experiments which have determined this 

iron 32-pounder, 6^ inch-caliber, if made of good iron, 
and in the usual proportions, that is, with walls of one 
caliber in thickness, has been proved, by the experi- 
ence of ages, to be quit@ fSft tm^^sts/et^XtfA 
nse with service charges. 

Now, it was shown, in my former Memoir, that a 
maximum pressure, from the fired powder, of 920 at- 
mospheres, will give a velocity of 1,600 feet a setidnd 
id lt,32-pound shot; and, further, that, computing the 
strength of the gun from the tenacity of the iron, 
taken at 30,000 pounds per inch, it is capable of re- 
sisting a force of 1,333 atmospheres ; or, the strength 
of the gun is to the maximnwi paaii:^ of the powder 
as 144 : 100. Henco, we have an excess of 44 per 
cent, which has proved sufBcient to sustain all the 
extra violence from the shock and vibration occa- 
' 1^ Hue 'suddenness of the disi^buige^ ftom &e 

beai^ftnd from all other adventitious causes. It is 
furthermore shown, in the same Memoir, that a spher- 
ical Aot of 14 inches' diameter will receive a velocity 
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of 1,600 feet a .sccund, il' fired froin a cannon, the 
bore of wliicli is 112 inclics long from the seat of 
the ball to the muzzle, under a maximum pressure of 
2,13S i^ij^Tmim Blit 1^ lut^ fseiim, ft 14- 
inch gun, CQUSkueiBc} wltb lidOps as herein described, 
will sustain a pressure of more than double that re- 
quired to throw the ball with 1,600 feet initial veloc- 
ity. 10bMMaB:«iin then, that, as 44 per 
thom '&iumcesmty powder pressure has, through long 
experience, jjroved sufficient, in the 32-ponnder, to 
Ijrovide for the contingent strains from shock and vi- 
bration, 100 per cent tsttttfc be mm £ha3i «|i£M«Kt> to 
pon^de against the same contingencies la -Ibe li^Mb: 
gun ; and, indeed, that 14 inches does not approach 
the size to which guns may be safely trusted, if con- 
structed uipn the principles, and iti^e WiAfiiap^ iiiBr^^ 
laid down. 

Altliough it is hardly to be expected that the pre- 
ceding method of cold working will impart to the 
hoops, if mode of common iron, the elasticity and 
^bdmt^ pMKtBtM 1^ tlie wire used in the experi- 
ments herein related, yet, by the use of iron of supe- 
rior quality, I think that that standard may be reached. 
But, should it be found, in the end, iiiat 10 per cent. 
miM^ M deducted from the tetu#fef laf the wke, in 
computing that of the hoops, we shall still find the 
gun constructed in this way, for all that I can see 
to the contrary, more tkaa iwiee as tinmg as my Imped 
(SeeF 0k iSBm^m^(^if!&i» same mataidb, toeigU, cmd cH- 
mentimt } and, by .Uie use of iron of a somewhat ateely 
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idiaiaeter, or of some iof Ibe iteels, the standard 
nf MB ittomgih of the uriie may he mmibi snrpsBsed. 

I cannot conclude this paper without observing, that, 
although in the Memoir formerly published no partio- 

uii #UB#e pcoeawdf eivli liamM«^ 

was omitted, still it was alwnyfj my intention, when- 
ever I should undertake the manufacture of hooped 
cannon, to prepare the hoops by some process of con- 

pressed, from my experifgclBii in the working of iron, 
with the importarice of thus preparing the hoops, that, 
in 1862, when I had made an arrangement, with the 

MiBmiBkmi¥i6 €«ffii(iiiiiti^ dii lite B 

and Harbors of the State, for the manufacture of two 
hundred large cannon (an arrangement which was en- 
tirely approved by the Executive government of the 
SteAi^ ua^^hMt &iled to M eeaaunmuiKttted ta&f^ 
the rejection of the appropriation bill, in the Senate, 
by a majority of one), I visited several of the large ma- 
chine-shops in the vicinity to find where I could best 
procure mna^eaat&bia of &at trtoHot baUuni^' aai 
tools for performing the operation herein described. 
My ideas (which were not then very definite) of the 
importance of subjecting the hoops, to be used upon 
id ibiii mMmS^ mA hardening pmeoif 
have been fully confirmed and defined by the experi- 
ments herein detailed ; and the conclusions that I 
have drawn from these experiments will, I think, be 
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ihe pains to examine them. Indeed, it seems to mo 
remarkable, that, with all the attention that has been 
|;iven to the subject of hooped cannon in Europe, as 
wdl m in liiis ooimtrjr, for oeTeral jeai^ past, the 
cause of the great defect, which it has been one ob- 
ject of thii3 paper to point out and remedy, does not 
seem to have been discussed nor seen, although the 
de^bt lie^ Ins limti xnnde known by^tlie Btntting 
of such gKOM.M so many instances as to have sliakcn, 
if it has not dcstro3'ed, the confidence of artillerists 
in tliem, when used with heavy charges. To avoid 

del^ei^ msf^. tm iutd to wm ^ Im 
cast-steel, under the name of homogeneous iron ; or 
to an adoption of the manufacture with wrough<>iron, 
after the method invented and practised by me more 
iMxL twenty years ago, aiid uttit t jiteft»a»8S Jte^ 
proved into the simpler tetA i^liipit jfeillD SO fiiUy 
described in these Memoirs. 

I may also observe, with regard to the theory of the 
strength tstyssl&tti^e^^ «ii|^0ti6d to sbaxiie&- 

ing force, that many changes to the origmal formulas 
of Mr. Barlow have been proposed as expressing more 
exactly the physical conditions of these cylinders. 
These changes, however ingeidoad Or learned, are of 
TCti^ iitiflitig practical importance in the manufacture 
of cannon. The omission of Mr. Barlow to consider 
the pressure, as acting as a crushing force upon the 
internal portion of the cylinder, and thus as aiding^ 
to 8019^ iineiS6i^ained extent, its action as a ditibefnili! 
ing force, in rupturing the walls of the cylinder, was, 
I believe, first made known by me in my former Me- 
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as I know, perceived or shown, that tlie theory of 
the strength of hollow cylinders, as now generally 
swiopted, is wholly inapplicable to cylinders or hoops 

bronze ; for the reason, that the inner portion of such 
a cjdinder will, as shown by my experiments herein 
detailed, be permanently elongated or stretched cir- 
msjieami^SsMyf -mi&oirt bmg xupluvecl orireokeDed 
until after the outside has given way ; a fact entirely 
at variance with the foundation of the theory. For, 
the assumption, on. which the whole theory rests, re- 

inside of the cyhnder; a$ Siiianption that can oiS^ 
be true in fact, when the cylinder is formed of a ma- 
t0ritd which is unmalleable, that is, incapable of being 



